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NliW lll'SULTS OFSlIIKLDINCi liKShlAHCll 

0 . 1 . liCypuns ky^ S.G.Tsypin, haf^yan, \' .N.^V(lrv^ S. I* . Gclov^ h .f] Jlrt'shvnlayvti^ (r .A .Vusilycv^ 

A . IWcselkin^ V.K.Ihirugti, S,FJ)e^tyarev, \'.A .Ihiliii, ll.A ./'.f^orov, (f , A .Kazansky , L.R.Kimel^ V.A.Kli- 
tnanov, V A.Kukhlevilch^ E .K.Watus cvich, V .P .Mashkovich, M .E.Nvtccha^ A.V .N ikitin, V.V.Orlov^ 

V .V .Orlov ^ V .V .Pankratyev, A. M. Panchenko, V.l. Popov, V .K.Saharov, fl.l. Sinitsin, L.A.Trikov, 

li .P.Shemctenko 

The results of new eXjMM-imentnl and llieorelical resoarc:li(‘.s on ilifferont iUuns of shielding 
are given in the |)resent paper. 

Section 1 presents data on the rndintion field from the point nionodirf'clional source which 
permits to receive data on the rtidiation field from sources of diflercnl sliaptss. 

Section II contains detailed infornuuion on the angular (*nergy and space distribution of n 
neutron flux and of gamma rays in tlic medium as well as on their boundaries of the [)roduction> 
the yield and the processes of sup[)ression of capture gamma radiation on tlie optimiz^ation of 
shielding physical characteristics, on the spectral angular characteristics of radiation scattered 
in air. 

Section 111 is dedicated to the exj)erimental and theonnical determination of the dose build- 
up factor of the neutron radiation for various shielding media wliich presents some pmctical 
interest. 


Section 1 

RADIATION FIELD FROM MONODRIEC HONAL SOURCES 

A great configuration variety of radiactive sources encountered in all fields of atomic power 
application presents a p-oblem in the radiation field definition in the shielding media surround- 
ing the radiactive matter. 

It stipulates a search for such simple sources, basing on the known radiation field of which, 
one may draw up the radiation field of any compound source configurations. The point monodirec- 
tional and monoenergetic source (narrow fine beam) which is the most elementary source gives 
wide latitude in the use. 

The field of the point monodirectional source can be deduced by solution of the kinetic 
transport equation, by Monte Carlo or experimental methods. 

A number of papers are dedicated to these studies [1—23]. The solution of the kinetic equa- 
tion presents great difficulties and has not been conducted heretofore [7, 16, 21, 22]. The 
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calrnliitioiiH of itn* nuliation fiohi fniin a iian'ow Ihshm vviih tiu* initial oinTf/y of/ianunaMjuanln 
of 0.66 Mov (liMlril)UltMl in iron at di.stanco.s up to 7 tiasui froo paths and in air at disian(M».s l(?ss 
than a moan fn*o path of tin* f;aniaia-(|uanta and iiriitrons of difh?n*nl (MU‘rf;i(‘s from a narrow 
l)C*am liav(» l)C(‘n calculalrd hy llu* Monto (larlo mrthods. A grt*at nuriiborof variable's pn^arnls 
cortaiii difficultios for tin' application of the Monte* ('arlo method. A deficiency in the? theore- 
tical (lata on the narrow Ix’am radiation fiedd indiiceMl (‘X[)<‘nmental it'.search. 

§1. NAHHOW HKAM OK <; AMMA-gil ANTA nADIATION KliJJ) MKASIIIIKMKNT 

A narrow Ixuiin was produced by ihestroiif^ collimation of the radiation of the f>oinl i.sotrof)ic 
sources Na^'^. I’he calculations wen* carried out in infitiite geometry. A scintil- 

lation counter with an organic crystal ami a srnall-size halogen counter with special filters, 
smoothing away the dependence of the r^mding of the detector from gamrna-ejuantum energy [231» 
wore used so that tlie itsidings of the detectors in pulses [H^r minute were proportional to the 
scattering energy flux of Mev/cin^ min materials, g*unma-(pianUiin en(^rgi(!s and maximum distances 
art? listed in Table 1 on which the functions of a narrow beam dislrilmtion have been studied. 

As an example I'ig.l gives lh(^ space distribution of the scattered energy. r^, 

in [x)ints r^^ from a narrow beam with the initial energy of giimma-ftiiantum 1']^^ -= 2.76 Mev, 

emitted from the point in the direction in Al. It should b(* noted that (f, r 

' (z, p) as it is assumed that = 0, the l)carn is directed along the axis z, and z:, p - are 

cylindrical coordinates; the distribution on y is i.sniropic; d’lK* sbap(’ of the curve for the 
distribution functions <|J^^(z, p) given in l*'ig.l is typical for other materials and energies, 

I he functions <I)^^ (z, p)are shown in l*'igur(* 2 for a number of materials from a narrow beam 
with the initial energy of 1.25 Mev for p^jZ = 2. Figure [\ shows the space energy distribution 
of gJimma-quanta in water from a narrow beam with the initial quantum energy of 0.66 Mev 
(z, p, h) in the cylindrical system of coordinates. 

The scattered radiation distribution in water from a narrow l>eam in the plane normal to the 
direction of the beam 4 >q(z, p) for the points standing from the .•source more than one mean free 
path may be expressed by: 

p) “ EqC ^ p^z^iap^p) Mev/cm^sec (1) 

where li^ -- Mev/sec is the source strength; the linear attenuation coefficient; <I>(apop) 
is the King function, 

a - 

B is the energy build-up factor of the plane monodircctional source. For the materials with 
the atomic numbers more than that of water, in expression (1) instead of <l)(a;i^p) should be 
used. - Ei(-apQp) 
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§2. MMASDlIKMKN'rS OK NKII'I IION MiOM DISK MONODIU DCTIDN A I , SDDUCK 

'I’lu' disk iiionodirrM’lionijI soun’r was ustsi for the (‘Xprriincnlal .sliifiir.s due (o its iixial 
syinriKUry. The iiiaa.siinMixMits of tin* dislril)af ion furK'lioiis wom’o ( aiTiodoul on llic l) -2 fnciliiy 
[ll2, 10] of tlio rnnctor UK- 5, whioh was tin* disk nioiiodino t ioiial soiin’c* with (hr dioiiKUrr of 
2n ^ dO cm (sec §1, stM'lion 2). 'I’Ik' iiKMisiin'iiKnils wore (•«)rnln(’l<Ml in wnlcr, in I'V, and in (!. 

As un L*xainpl(‘ lM/;iin*s d, f), 6 show some disiribiilion fuiu'l ions of tin? poinlrd neutrf)ii fission 
sourt'c in water, imuisurcil by lbt‘ (n, p) reac’lion in l‘’c, (n, d) rcatniofi and (n,f)) 

reaction in (1. b’or coin[)arison b'i^;.r) also idvestbr* cabndalcd data |16|. lo^. 7 /<iv('s lli(‘ func- 
tions (/.^ a) for one lliickmcss /. dOctn, fora minilx^rof materials and for l»-2 

source, rneasurefi by (a, p) rtNiction. 

It is not ilifficidt to show that foi* tin* spa(M‘ distribution fum’lions om* may mako some 
transformations from tin* disk monodirectional sourca* to the plane moiiodin‘elir)nal sourn; acconi- 
ing to the following formula; 

•i-i'’' (/.,) r.fdvf (2) 

'> o 

Knowing the space distribution (unction from the disk monodirec'tional source (’A^p/d) 

with the corresponding simplify ing assumptions one may perform a r(*trarisfonnation to the nar- 
row beam [13, 19]. 

S (' c t i o n II 

DisTRinirnoNS and hahiation PuoniicTiOM in various shiki dinc; mi^^i^ia 

§1. FACIMTIt:S FOH .SHir:fJ)IN(; HKSF:AnCII 

The facility i)-2 [121 was established on the fast mnitron. reactor DP-f) [241 for investigation 
of neutron passage through various shield materials and assemblies (s('e b'ig.B). 33ie essential 
difference of n-2 from the facilities known in the liK'rature is the use of the disk rnonodirec- 
tional source which permits to obtain more detaib'd information concerning the shield under the 
investigation (sec I'ig.O), The reactor " IHl'P’ bsa /.ero-pow't*r uranium -witttM' neactor for the 
investigation of the production, yield and the procossc^s of su[)pres.sion of capture gamma radi- 
ation in the shielding (see big. 10). The special top-shield made from B,|(" and Bj permits to 
acquire a good ratio between the emerging neutrons and the gamma-my fluxes. 

§2. NKUTHON PASSAGK 

The fast neutron passage of the reactor BP-S with the energy of hi >2-3 Mev in Lill and 
in C infinite geometry was studied. The measurement results given in Pig. 11 are compared 
with the calculations [9, 25]. The satisfactory agreement between experiments and calcula- 
tions testifies theaccuracy of calculated method and the proper chosen cross-sections. In 
media which conlain no hydrogen the neutron flux distribution with the energy of 1^ >2-3 Mev 
for the shielding thicknesses R from 2 to 15-20 mean free paths is approximated by the fol- 
lowing expression; <b(R) -^exp (-qR), where tln^ following values may be used as q: the removal 
cross-sections 2 rem, if one considers the neutron group with the energy above 3 Mev 1261, 

7 7 T 
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the cross sections obtnincti by rt'ciprocal relaxation lengths for llie rnnitron group with 
the energy above *lMev [261; the asymptotic cross-stjctions, ohlaim. I from the solution of the* 
oiie-velocity kinetic equation in the tninsport approximation |26] by using the group constant 
system 1271, I2f3] for the groups with the energy of \ A - 2.5 - oo Mev. 

'Fable l| prtiS(Mits thcvsc parameters taken from the numerous literatun' sources or obtaiiuHl 
by the authors of the present refwt who studied experimeutally the neutron passage in the 
infinite extended shielding media of (', Na, b’e and also in ferrum -carbon and ferrurn oxigen 
mixtures. 

The angular energy distribution of fast neutrons was (‘X|H»rimentally investigated by the 
method presented in [29, LU)1. The reaction l)(l),n) lle’^ servin(,'as a neutron source (2,4 Mev 
energy). As an example I'ig. 12 shows the angular distributions of neutron energy groups for 

angular defxmdence of the scattered neutron groups in the solid 
angle dfl in the range of 3.1 to 3.4 Mev can Ik; presented as exp where 0 for lIoO, C 
and A1 is about 20°, and for the media with A > 30~3,')°. Tlie angular distribution of the fast- 
neutron dose with the energy over 0.4Mev for media with A > 30 may be pansented as the same 
function with the parameter -I” ir < for II 2 O and angles (?>10°, t?o~45°. Angular 
distribution representation as a monoparameter function is accurate within 10%. 

§3. CAPTUIIE GAMMA-RADIATION AND SHIELD OPTIMIZATION 

It inadvisable to introduce experimental parameters characterizing the capture gamina-ray 
output from various shields. One of such parameters is the secondary gamma-radiation coef- 
ficient p, equal to the ratio of the total gamma-quantum number emerging from the shield to 
the total number of the neutronshaving left the shield [31]. Starting from a definite thickness 
of the shielding /3 was proved to be constant and was defined only by the media properties. 

Fig. lb shows /3 coefficients measured on " PM3" reactor for Fe, Ni, homogeneous mixture of 
Ni with B. Boron-containing additions injected into the shield can decrease the capture gamma- 
ray output. Boron -injection was found to decrease gamma-ray output effectively only at its 
small quantities (up to 2—3% weight). Fig.l4 gives the characteristic dependence of the 
gamma-ray output from Fe and Ni on the boron weight concentration, 

Various shield characteristics may be given as*: 

Jk - /4> (7,(1, E)Pk (7, fi, E) dfdndE + y [pj(r)] 

Shield-weight is functional: Pk =. (r )dv 

i 

where: $ - neutron flux, Pk - characterizes the process, stimulated bv neutrons (capture 
gamma-radiation, heat generation and so on), y is defined by the external gamma-radiation 
sources. p| — is material density. 

Shield optimization task can be put as follows. Minimum Jg value must be found on condi- 
tion that Jj Jjj values do not exceed same definite value. Shield material 

efficiency functions (k = 0.1 ....m) [32] characterizing variation of functionals Jk while 

introducing a single quantity ofi material into j point can be calculated by utilizing adjoint 
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function methoil and perturbation tlieories. Let uh introduce (m + 1) - diniensionul spuce the 

compoiicnta of which are AJ^. AJj AJ„, mid separate from it the direction of the miniiniz- 

ing value Jo-So.Shield material distribution piO) where ’/jj vectors with fj^j^components 
form a convex cone wliichdtKis not contain a vector with minimi^sing direction Sq is considered 
to be optimum. 

Note that shield material efficiency functions may be obtained experimentally and on this 
basis optimization can be experimentally yielded. Hydrogen efficiency function - 0.111 g/cm^ 
in Nickel f ,(**) in relation to capture gamma-radiation was obtained on reactor I M3 (I ig.15). 
The same /uLction was calculated by tlie perturbation theory expressing [32]. Fig. 15 shows 
that the agreement is satisfactory. dependence in maximum from hydrogen value wes 

experimentally shown to be linear up to 0.11 gr/cm^ hydrogen content. 


§4. NEUTRON AND GAMMA-RAY SCATTERI’.C IN AIR 

In the area of R-distances negligible as against the free-path length 
place compensation of the multiple scattered radiation accumulation and absorptioi'. As a result 
of it space distribution of the flux or dose rate is proportional to 1 /R (R - the distance source- 
detector). This relationship was experimentally proved by the authors and is following from 
calculation works [9,33-36]. The relationship 1/R essentially simplifies the description of the 
scattered radiation distribution from various sources in the air. 

Having introduced the relative flux N„ defined by the ration of the scattered neutron flux 
in the air to the Auxin vacuum in the same place, space distribution Nq from the point iso- 
tropic source can be given as Nj,(R,Eq) - (2.15±0.2)R [2)t(lio)-2a(Eo)]a(Ep) where Sg^^o) 
is absorption cross-section, a(EQ) « 1 for Eq <6 Mev and smoothly swifts to 0.8 at Ej, - 14Mev. 
By analogy we have Dn(R, Eq) - B(Eo) /S^TE^R for the relative dose rate Dq, where 

BCEp) = 0.195+0.02 for E^, = 0 . 1 - 6 Mev and 0.145+0.015 for E - 7-14 Mev. Nq and values are 
dependent N„(R, E^) - (1.1-1.2) Dn(R, E^). 

Experimental and calculation values show that within the accuracy +20%, geometry of 
monodirectional source-isotropic detector is equivalent to an isotropic source monodirectional 
detector. In such a case their corresponding relating dose rate distributions Pq and Qj, can be 
given as ; 

P„(R,Eo,,)-2.2/TtB*^'^°’’'^ andQ„(R, Eo, f) - 2.2^/I^R’^'■*^^‘>■ 

where rj and ^ are orientation angles of the monodirectional source and detector correspond- 
ingly ^(Eo) for Eo * 0.1 - 14 Mev changes in the range from 1,1 to 1.4 for 17 and W from 5 to 
1200 . Pig 15 illustrates the relationship of Pn from 17 . 

Fig.l7 illustrates the comparison of two geometries': the point isotropic source — monodirec- 
tional detector (experiment) and the point monodirectional source — isotropic detector (calcula- 
tion). Pig. 17 shows that neutron spectrum degradation from orientation angle is small and 
energy distributions are close for both geometries. 

Space distribution of relative dose rate of scattered gamma-rays 0.5<Ep 4 lOMev from 
isotropic source without taking into account annihilation radiation has the following expression^ 
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|.((-X|)(- ) l+ex|)(_Ii ) 

<>• I O.i 

whon- I'!,, 6 Mev, ami H in in. 

Space (li.stril)ution ol relative; ilo.se; rate of .scattered |,minma-rays in llieair from a point 
monodinxnional .source lias the expn;ssioii: 


^y(l'o> lti v) = 


20 " <,<900 


11 ,- 0,95 


90° < v < 180° 


for energy I'i^ from 0.4 to 1.5 Mev without inking into account anihilation radiation. 


T(l!;Q)Sin rj 

for energy more than 2 .Mev L i.s constanthere, C (,) is compton differential cross-section 
l(ho) is gamma-ray dose rate with li^ energy, changes as H distance increases, Fig. 18 

illustrating it. Fig. 19 shows the reversibility of geometry for gamma-rays which takes place 
by analogy with neutrons. This Fig. gives the experimental valuesof energy distribution for 

ho =1.25 Mev = T = 60° and li = 16 in from monodirectional source P (F) (i.sntropic detector) 
and frism isotropic source ) (monodirectional detector). 

Fig.20 shows how, much the calculation in single approximation underestimates the "soft" 

part of the spectrum. The calculation distribution was ’'spoiled” by the energetic resolution 
of the spectrometer. 


Section 111 
NEUTRON D0.SE HUILD-UP FACTOR 

Dose rate calculation method from neutrons of reactor spectrum is offered in this article 
This method is based on the utilization of the removal cross-section method, kinetics equation 
solution raultigroup method of neutron transfer and introduction of dose build-up factor notion 
of neutron radiation analogous in form to the corresponding notion for gammaK,uantum. 

llecently semiempirical removal cross-section method has developed and is widely used in 
calculations. It enables to define fast neutron attenuation with energy above 2-:i Mev with 
certain simplicity. Hence, for neutron radiation, dose build-up factor is convenient to be 
nomalized on the fast neutron dose rate. In order to determine dose built-up factor in relation 
to ast neutron group kinetics equation solution multigroup method of neutron transfer in age- 
diffusion approximation exactly taking into account moderation in hydrogen. On the bilsis 
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of N. group lunitroii flux ('iilculalioiis uiul convcu'sion rju’tdi's of noutron flux into doso nU(* |39l 
doso rale 8[)ac(» dislributions wort' calrulnlcnl foiMMch oiKM’gctic noutron group l)j(r). IJo.s(j 
build-up factor was calculated by I Ik* i^xpirssion: 


I Ur) 


? (I)j(r)/I)i(r) 
j-1 


(d) 


'Two groups of questions an' investigated. 

1. ’'.nergetic ands[)ac(? dose rate distril)ulion from neutrons in liomogtmoous protective? material 
media in inlinite ge'ometry. In tlii.s c:ase lh(?onter l)oun(iary of tin? investigated protective lay(?r 
was supposed to lx? black. 

2. iMiergetic and space dose rale distribution from ru'ulrons in various combinations of ji*otect- 
ive materials, imitating by themselves the possible* combinations of the last biological shield- 
ing layers. In this case geometry, generally speaking, is harrier, but distorted by the pres(*ncc? 
of man and the scattering from surrouding walls and structures, flence it was decided to place 
20 ems of polyethylene, niicloar-pliysical pro(x'rti(?s of which are close to that of the biological 
tissue to behind the last layer of the compositinii, and to make the multigroup fluxes equal to 
zero on the extrapolated boundary beyond the indicated material. 


§1. NKUTRON SPKCTKIJM MEASUREMKNT AND DOSE CALCULATION 

The succession of dose rate calculation from neutrons of reactor spectrum is the following. 
By the removal cross-section method dose rate was calculated first from fast neutrons with 
utilization of dose attenuation curves in hydrogenous shield. Then the dose build-up factor 
was chosen according to the concrete composition of the biological shielding outer part. 

Spectral distribution measurements of neutrons witliin 0.9 —13 Mev for some homogenous 
shielding materials among them for serpentine, for mixture of polyethylene, iron and lead and 
for mixture of graphite and iron were made for averaging nuclear-physical constants in the 
range of 10 MeV > > 0.7 .MeV in addition to the known data [25, 401. 

Constants for neutrons within 0.7 MeV > > 0.4 ev were averaged on asymptotic spectra 

of slowing down neutrons. In a number of materials it was necessary range to measure neutron 
spectrum in epithermal energy especially. 

Energy distribution measurements of fast and intermediate neutrons were produced on 
water-moderated water-cooled research reactor. Fast neutron spectra in the range of 0.9 ^13MeV 
were measured in the conditions of barrier geometry, b'or measurements single-crystal scintil- 
lation spectrometer was used with still)ene crystal and gainma-lxickground discrimination. 

There were measured spectra of fast neutrons having passed through different layer 
thickness of homogenous materials such as polyethylene [411, graphite, iron (St-3), lead [40] 
and through different layer thickness of mixtures of iron with polyethylene, lead with polye- 
thylene, iron with graphite. As well fast-neutron spectrum deformation was investigated when 
passing through serpentinile (Si02 “ ^9%, MgO - 37%, I^O - 11.5%, Fe 203 - 8.5%). 

Energy distribution of epithermal neutrons was investigated with the help of a number of 
radioactive resonance indicators by ^^compnrison with 1/E»^ method. Measurements were car- 
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riod out in semi-infinitr ^liometry conditions. lndicator-s(*t cnaljlcd to dr‘fin<* s()(!Ctrnl-lin(^ 
shap(^ in of 0.46 cv u[) to 0 k<'v. As an (*xain[)lc distrihution.s of fast tu'ulron.s in 

the rnixturfM)f polyethylene f iron are frivon in h’i^'. 2I. I‘in(?rgy distribution of (‘pitliennal 
neutrons in iron and graphite with boron is given in b’ig. 22. 

§2. CALCUI-ATION OK DOSK inilI.I>UI’ KACTOIIS 

Using formula 3 wo calculated dose build-up factors in the following honiog(’n(‘ous 
materials': water, honiof^nuieous water-iron shielding with 50% iron content by volume, poly(*- 
thylene, polyethylene with 2.5% natund bort>n content by weight, serpentint* concn!t(*, graphite 
and boron mixture’? (8% boron by weight), titanium hydride titanium hydride with 2,Wa> boron 
content by woiglit, iron, iron with 0.8% boron by weight, lead and graphite. 

I3esides there was studied the contribution into the total dose from neutrons of various 
energetic groups in compositions of shi(?ldings n)pr(‘senting possible arrangeiiKnu of the last 
layers of the real biological shielding. 

In all compositions hydrogtmous medium was eliosen as tiu' first layer, it being of such 
thickness sons the equilibrium spectrum was established in it, i.e., as in a real case, 
energy distribution of neutrons in the last layers was defined by the neutrons of the first group. 
The following media were considered as the first layers’: water, serpentine concrete, water- 
iron mixture, polyethylene with boron and titanium hydride. 

Lead of different thickness was taken as the s(?cond layer in all the considered compositions. 

While designing biological shielding of nuclear power plants there are two ways to produce 
the desired total dose rate either to increase the thickness of their basic sliielding material 
(the first layer) or to add a blockingmaterial layer after lead which at small thickness would 
cut build-up factor to a minimum feasible value. 

In thisr(?port two hydrogenous materials were studied as a blocking layer: polyethyhme 
with boron and titanium hydride with 2.5% boron content by weight. 

LXPLIIIMENTAI. DEd’EIiMINATION OK DOSE HUTT.D-fiP KAC'roitS 
CALCUIj\TED AND KXPEUIMENd’AI. DATA COMPARISON 

b.xperiniental measurements of dose build-up factors were carried out for polyethylene, 
serpentinile, titanium hydride with boron and a composition consisting of 50 cm polyethylene 
and 10 cm lead. The build-up factor was defined as a ratio of two values’: total dose rate 
from all energy neutrons and dose rate due to neutrons with ^ 2 Mev. 

Total dose rate was defined with the isodose detector [42 1. Past-neutron do.simeter with 

a plexiglass tablet of /'„S{Ag) in the detecting element with V] > 2 Mev was used for tiavisuring 
dose rate of neutrons. 

Table III represents experimental and calculated data according to build-up hutors for 
given homogeneous materials and the composition. 

As seen from the comp;iri.soii of the calculated iirnl experimental data the iliffercnce between 
the calculated dose build-up factors and measured ones docs not exceed 20^r. 

37? -8- 





Approved For Release 2009/08/26 : CIA-RDP88-00904R0001 0011 0024-3 


TIk' iiiiUrrials, {^aniiiia-(|iumlutn ami iiuixiriiiiiii ilistiiiicc.s (in tli(* iiiran Thm' palli 

l('n,‘4;tliN) with tha li(‘l[) of tlia iiarmw ray ilislrilnjlion fuiK't ions ware invasti/^^aKui. 

1' a I) I a • I 
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The comparison of removal cross sections, cross sections produced by nxiprocal relaxation 
lengths and asymptotic cross sections. 

a b I c II 



a, [37] 

(Tl / 

^as 

barn 

rdement 

barn 


1 .4 — oo Mev 

1 

2.5 — oo Mev 

Liithium 

1.01 

1.07 

1 .03 [281 


Beryllium 

1.07 

1.15 [91 

1.20128] 


Boron 

0.97 

1.12 [38] 

1.12 [28] 





1.00 [27] 


Carbon 

0.81 

0.75 

0.95 [27] 


Oxygen 

0.74 


0.74 [27] 


Sodium 

1.26 

1.50 

1.36 [27] 


Magnesium 

1.29 


1.35 [2/] 


Aluminium 

1.30 


1.42 [271 


Silicon 

1.37 


1.23 [28] 


Potassium 

1.57 


1.54 [28] 





1.39 [27] 


Titanium 

1.82 


1.62 [27] 


Chromium 

1.77 


1.98 [27] 


Iron 

1.98 

1.81 [8] 

1.87 [28] 


Nickel 

1.89 

1.90 [26] 

1.84 [27] 


Copper 

2.04 


2.04 [28] 


Zirconium 

2.36 


2.43 [27] 


Niobium Columbium 

2.37 


2.30 [28] 


Molybdenum 

2.38 


2.85 [28] 


Barium 

2.82 


3.14 [28] 


Tungsten 

3.36 


3.94 [27] 


Lead 

3.70 


2.63 [27] 

3.33 [27] 

Bismuth 

3.50 


2.62 [27] 

3.53 [27] 

* The value ay 

for B was got from the measurements cy for B^C [38] and aj/ = 0.75 

for carbon. 
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(.ulculated and cxjK>riniontul values of dose huild-u|. factors for various materials and 
one composition. 


'r a 1) I r III 


Mnlnrial 


lUiild'Up factor cxperinicntal 
value 


Hulicl-up factor calculated 
hie 


Polyctliylene 


2.1 

1.9 


Serpent inite 


2.05 


'ritaniiiin hydride 
with horon 


2.76 


50 cm polyc- 
thylene f 10 cm 
lead 


:i .25 


- 1C 
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Narrow rnjr distribution function 
in alu mln iua for Inltlnl joinma-rjufinLuin 
energy 2,76 Kw for the dlatonce jKo2(ln 
the naan free path length) i 1 - 0 ,fl «5 
2 - 1,37;? - 2,0r)j4 - 2,77;5 - 


i'l(;.2.Narrow ray distribution function 
for Initini Kfumnawjupujtum fnert-y 
due topfor^oZ.2 for nnterlnlo 1-leod, 
‘-“■iron, ?—'»luinirjinin,4— wfit er. 




rA%\mi\Mr 


»»aPivssMl 


II.WK 

IMiSI 


fig, Space energy. dUstrlbut ion 
function of narrow ray in water 
for gejuBa-quantua with initial 
anargy 0,66 Uev for points with 
co-K>rdlnatee in cmi 

, p a10,0j2-Zs^9,1 , 9 -10, 0| 
?-*=»39|1,y=10.0}4-2=19,1, 9-20,0! 
5-Z«29,1, p-20,0|6-2a39,1, 

7-a«i9,i . p -50,0!8-2=:29,1 , o »'O,0! 

9-2*39,1.0-30,0. 


7l9.4«Distribution funotion of disc no- 
nodirect nal neutron fiaaion oource 
. in water according to the indicator 
neaaureaente by the reaction p^\n^p)5/ 
for 2 In CBi 1 - 16,5;2 - ^0,0* 

3 - 4O,0j4 - 50,0; 5 - 60,0!6 - ?2,5. 
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I 



Fij,9,Attpn'M':icn funcUon of .Mr; 
raoro'll rec ‘;lori>il flsoion upectr'ir: 
ajarc* for dl;':'or«nt tnlcknorseB of 
lit'.l'on :v'drlic H aeasurod by t;.e 
threshol'i ce:oc*.or P''^ ( 0 , 0 ) 31 ^"* 

(h *• the iifitiiice f^o3 tr.e disc 'ixia), 
1 .Kal-l' , 5c::j2»2aJ-6, 5 c=:.5«^-39i 
4.!lah9,5c::.S2a??,5c=. G.Hsy^ct:. 
7iH=E2,3ca,c.ls92|5cr, 



Plj.'l'i.Pact neutron flux alctributioris 
In lithi'jja hc/drlde ( ^ =D,>:2 ^ycin^) 

and in carton ( J =1,67 e/ca^) fron 
neutron liEeior. source. 

Lithi'm Hjdride 

5 - tne ceLector ce'iE’jrccouts Al''^(n,d)j(ll. 

Tac courcp ic plane, aonodirectioril 
•'* - doEC cnlcula'icn by the aonent\in 
re t • odfol fi’on Lfie point isotropic nource, 
Tne peonotry v/as elininited by the 
auitipllcatioD by R^, 

4 -The detector noasurenents p^^Cn,p)5t”^ 
and S^^(n,p)p^^,Tbe source 
is plane, moodirectionai. 

Carbon, 

1. Calculation by tne moaentua aethoc [25] 
for the reaction 3^^(n,p)p^^,The 
geometry was clininnted by the aul- 

p 

tiplicatioD on R , 

0-the indicator aeasurements S^^(n,p):; 

The source is plane, aonodlrectional 

2, Calculation by the aocentuo nethei 
l^^Jfor the reaction Al^^(n,d) 


lTJ.XL.U.ua tcu Lljr 


the multiplication erv <1* 

• the Indicator measurements Al^^(n 
The source Is plane,monodlrectlonal. 


3 7 7 
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unit:> 


to\ 




a: 

«i 






/oi 


10' 


w' 




Fij,1*f,Reltttv«' 'iorip r:i*:e ^nnce 
dtstribution of :iL*utroMn t'cnt!:erpc! 
in the air for notiohiroc l ion.-il 'lourcp, 
0 - Li e aut'iori?’ p>:;i^ri";t :;L iL ±^1:* 

0 - calculi'. od d ll'* ('') .iv»':‘T.*pci out 
of inlci-il on'?v 7 i*’‘<‘rv!U- fron 
Lo 6 f!ev. 




Pifj,17.Enor^otlc diatributlon of 
nuutronn oenttored in Uie air from 
thu point iDotropic aource.Monodi- 
rectlonal ietoctor, 

E^=1,JUcv,H3ld,5 m 0 - Y' = 50 * 

• - v/' 5100». 

T'lt* authors' oxpertoentol d.ata, 
Enor'jetic distribution of neutrons 
scaLLiTfd In the air from the mo- 
nodireclionttl sourtze, According to 
the calculntcd datafgj E^=1,5l.lev . 
Rs:1/t,5ni, Curve 1 D= JO*, Curve 2 -o® 
= 100*. ^ ‘ 



Pig,18,Doce rate space distribution 

of ganma radiation scattered in 

the air from the nonodiroctional source. 


':-R=0,1 A 
3-RrsO,1 Ji 
5-HaO,1 X 


Bjj=0,411 Mev / 2-R=1 A , 
Ej,=1,25Kev*/ 4-Rrl JL , 

Bp=:1,9Mev*/ 6-R=0,8-L^ 


Eq= 0,411 Mev 
B =:1,25Mev 


f10l 

Ciol 

fio] 


♦/ the Author's data. 


Pig, 19, Energetic distribution of 
gofflua rays scattered in the nir 
from the oonodlreotlonal source. 
Isotropic detector, 

R s 16a, ^ *60* Sq-I ,Z5>L9V 

» curve 1* 

Energetic distribution of gaaaa 
rays scattered in the adr from the 
isotropic source (aonodlrectlonal 
detector)for H=ji6o,x=€0*,K^a1,25Het, 
curve Z the Authors* data. 
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J" 1 iJ.J.twii’ 

':ot 1 <: 

: 'Um-i-ifnit 

iiij! (tf 

rtpr: 

t eri-d In tti 

V .ll !• 

rrnm t,fu. liKUrop 

lie iinui’c:#' 

(liuifiu- 

<11 

tli'ti. 

•:ti)r) I'ltf 


0 - 

•Ill ii 1 

tlntfij «». 

-till* eril 

oiilritlori In 

In I 

iio 1 

fil'l'riixl- 

innL Ion, 




i:ul .itn(| 

<11 MC 

I'lptlun In 

nonii/il 1 

Lo t, fit' 

■li-ii'’i 

1 >1 one tf. 


1 fl« AuUioi'n' 

il.K 





O i 2 3 « r b T $ t to U U 
ntolton Mtr 

Fie,21,r«Ht neutron enar.-etlc dia- 
trlbutlon in the- nii: imrc polyethy- 
lene ♦ iron, 

O - neutron fissi:- cnecti-un. 

-I - tMctoesa 

^ - 1^7 (5/co^,5 - 2'Sycm^.6 - 
tne ■peccroiE after the iron layer 
-^3 6/ctt??r:ne spec rum after the 
polyethylene laj'er n . 


Mutzon 


FlC»2®»Eplthermal neutron dintribn- 
tldn tn iron (2), in (graphite 
with boron (^) and tue cnectr’un 
1/K (1). 
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